Comparisons of vegetation dynamics of riparian plant communities under livestock use and esclusions over a 10 year period were quantified in a Northeastern Oregon riparian zone. We measured species frequency, richness, diversity, evenness, and livestock utilization in 8 plant communities. Livestock grazed the study area from late August until mid September at a rate of 1.3 to 1.8 ha/AUM. Utilization varied from > 70 % in dry meadow to c 3% in cheatgrass dominated stands. Ungrazed dry and moist meadow communities had significantly lower (2' 10.1) species richness and diversity when compared to grazed counterparts. In the most heavily grazed communities, ruderal and competitive ruderal species were favored by grazing disturbance. In esclosures of the same communities, competitive or competitive stress tolerant species were favored. Both height and density of woody riparian species were significantly greater in ungrazed gravel bar communities. Our results indicate that influences of herbivory on species diversity and eveness varies from 1 community to another and basing management recommendation on 1 component ignores the inherent complexity of riparian ecosystems.
improved management strategies is an important environmental concern today (Bryant 19S5, Elmore 1992) . Many livestock grazing strategies have been discussed for riparian area rehabilitation or maintenance (Elmore 1992) . In a review of 17 grazing strategies Platts (1989) stated that fisheries habitat was negatively affected by increasing livestock use. Results of studies conducted in uplands and riparian ecosystems indicate that, utilization of use is of greater importance than the specific grazing scheme utilized (Van Poolen and Lacy 1979 , Skovlin 1984 , Clary and Webster 1989 .
Few studies have quantified variation in vegetation response over many years in different plant communities within the same riparian system. This is important as the impact of grazing on plant communities and species is expected to differ due to differential resource availability, regrowth opportunities, and pressure exerted by livestock on each species.
The objective of this study was to quantify changes in vegetation species composition and over 10 years of 8 grazed and ungrazed riparian plant communities.
Study Site
The study site is located in the Wallowa Mountains of northeastern Oregon at an elevation of 1,030 m. The riparian area is approximately 100 ha in size, and extends for approximately 3 km along Catherine Creek. Average discharge is 3.4 m%ec and peak flows greater than 14.3 m%ec commonly occur from April to early June (USGS 1987) . Mean annual precipitation for the study site is 600 mm, the majority of which falls as snow during the winter months. Precipitation in 1980 and 1989 was 5.8 and 1.2 mm above average, respectively. Precipitation in 1979, 19X7. and 1988 was 4.5, 102 , and 57 mm below average. Kauffman (1982) subjectively segregated the study area into 256 stands of vegetation representing 60 plant communities in the Catherine Creek riparian area. Plant communities were selected to provide a continuation of the study conducted by Kauffman (1982 and Kauffman et al. 1983 ) and represent the S most widely occurring plant communities in the study area. These communities are: Poa pratensis L.-PhIem pratense L. Career spp.-mixed dicot (moist meadow communities), Poa pratensis-mixed dicot (dry meadow communities), Bronm fectorm L. (cheatgrass communities) located on severely disturbed sites, Pinm ponderosu Dougl. Es Loud./Pon prutensis (ponderosa pine communities), Popdm trichocurpa T. & E. Ex Hook-mixed conifer (black cottonwood communities). Alnus incunu (L.) Moench./ Pan prutensis (thinleaf alder communities), Cruruegns clo~gfusii Lindl./Pon prutensis (Douglas hawthorn communities), and Sulk spp.-mixed dicot (gravel bar communities).
Method
In 1975, five livestock esclosures were constructed that occupy approsimately one half of the riparian area within 50 meters of the stream. Since 1978, grazing has begun in late August and continued for 3 to 4 weeks. Stocking rates ranged from 1.3 to 1.8 ha/ AUM. We quantified species changes by measuring frequency in thirty 25x25 cm plots in 6 stands of each community. One half of the replications were in the grazed areas and the other half of the replications were located in the exclosures. Frequency sampling was done from late June to early July when most perennial species were in a phenological stage that would facilitate identification. Following the grazing period, utilization was visually estimated in 15 microplots in each sampled stand.
Values for plant species diversity and evenness were calculated from frequency data using the AIDN program (Overton et al. 1987) . We selected Shannon's index (H') (Shannon and Weaver 1949) to evaluate species diversity as it provides an intermediate weighing of rare species compared to Simpson's index (A) and Hill's first number (Nl) (Peet 1974 ). Pielou's J' was selected to evaluate eveness (Pielou 1975) . Eveness expresses how species abundances are distributed among the species. A community with a large number of species would have a lower eveness than a community with the same number of species, but not dominated by any one species. Species richness is defined as the total number of species in the community (Ludwig and Renolds 1988) . Minor differences in values of species richness, diversity, and eveness between this paper and earlier reported values (i.e. Kauffman 19S2, Kauffman et al. 1983, Kauffman et al. 19SS) reflect consolidation of certain species in the 1979 and 1980 data sets.
We measured shrub density, height, and composition in ten lx l-m plots in each community. Six replicate stands located on gravel bar communities were sampled with one half of the replications located in grazed areas and the other half located in exclosures. Gravel bar communities were the only communities that contained significant numbers of establishing woody riparian species.
Changes in individual species frequency between years and treatments were tested using a 2x-l factorial design (Steele and Tonie 1980). Factors included treatments (grazed and exclosed) and years ( 1979, 19S0, 1987, and 1989) . Data were arcsine transformed where necessary to meet statistical assumptions (Ahrens et al. 1990 ).
Nonparametric analysis of variance (Km&al-Wallis procedure) (Zar 1984 ) was used to detect changes in species richness, species diversity, and evenness between communities within years and treatments. When a significant change occurred in species richness, species diversity, or evenness, a nonparametric Turkey multiple comparison test were used to separate differences (Zar 1984) . Significance limits for all tests were set at PSO.1 due the highly heterogeneous nature of riparian ecosystems.
Differences between years within treatments and between treatments within years for shrub densities, were tested using Student's test (Steele and Torrie 19X0) .
Results

Meadow Communities
Dry meadow communities were the most highly utilized communities by livestock. Utilization of dry meadow communities ranged from 4X to 70 percent in grazed stands (Fig. 1) .
In the exclosures, species richness was significantly higher in 1989 than in 1979 (Table 1 ). Significant differences within years and between treatments also occurred. For all years studied, species richness was significantly lower in the exclosed areas of dry meadow communities.
During the course of the study, community species diversity increased significantly in exclosed and grazed areas. For all years, species richness and species diversity were significantly lower in the exclosed areas. In grazed areas evenness increased significantly from 0.75406 to 0.86805 from 1979 to 1989, indicating increasingly even distribution of species abundances. Between treatments, significant differences occurred for eveness in 1987 and 19S9 where the grazed treatment had a higher eveness than the esclosed treatment (Table 1) .
Species composition of grazed dry meadows displayed little change over the study period with the abundance of species such as Achilleu rnillefolim L. and Pou prutensis remaining almost constant at 70.8% and 100.0% respectiveIy. Within escIosures Achilleu ntillefolimn was significantly less frequent than the grazed treatment in 1979, 19S7, and 1989. The alien species, Bronzrrs nrollis L. increased dramatically, from 1.7% to 47.5%, in the grazed treatment from 1979 to 1989 while at the same it displayed a declining trend in the exclosures.
Levels of livestock utilization in moist meadow communities were comparable to dry meadow communities. Significantly higher species richness occurred in the grazed than exclosed treatments of moist meadow communities in 19S9 (Table 1) . No significant differences for species diversity were detected within treatments between years. Species diversity was significantly higher in grazed moist meadow communities than ungrazed treatments in 1989. Within year treatment comparisons revealed higher eveness in the exclosed treatment (O.Sl624) than the grazed treatment (0.7892 1) in 1979; other comparisons were not significant.
Livestock had significant impacts on species composition in moist meadows for example, the frequency of PhIem prutense. an exotic species, decreased significantly in the exclosed treatment from 33% in 1979 to 3.3% in 1989. Pou prutensis declined in the exclosures, but this decline was not significant. Runnncnhu ucris L. also an exotic species declined significantly in abundance in the exclosures (55.5% in 1979 to 12.2% in 1989) while remaining relatively constant in the grazed treatment.
Cheatgrass Communities
Utilization of Cheatgrass communities by livestock never exceeded 2% (Fig. 1 ). This is most likely due to the dry and dormant vegetation of this community when cattle were present. This low rate of utilization in an extremely perturbed ecosystem, contributed to few changes occurring over time in this community*
The relative abundance of exotic species in cheatgrass communities was higher than all other communities. Exotic species accounted for 50% of total species encountered in 1979 and 57% in 1989 in exclosures. In grazed communities, exotics accounted for 46% of the species composition in 1979 and 61% of total species in 1989 (Table 1) .
Douglas Hawthorne Communities
Livestock utilization appeared to be inversely related to the canopy cover of Douglas hawthome. Utilization was the highest of any tree or shrub dominated community; although it was lower than the dry and moist meadow communities (Fig. 1) .
The abundance of exotic species declined from 1979 to 19S9 in both treatments (Table 1) . Species richness was significantly lower in the exclosed treatments than the grazed treatments in 1980. Species diversity was not significantly different between years within treatments, however species diversity was significantly lower in the exclosed treatments in 1980 compared to the grazed treatment (3.0209 vs 3.3251).
Despite levels of utilization lower than meadow communities, significant changes in species frequency occurred in Douglas hawthome communities. Addlea rnillefoliurn was significantly more abundant in exclosures than grazed areas, 58.4 vs 17.5 in 19S7 and 67.5 vs 22.5 in 1989. Similar to dry meadow, thin leaf alder and ponderosa pine other communities, the abundance Tarasncunt oflicinale Weber declined significantly from 54.2% in 19SO to 10.1% in 1989. Poa prutensis had significantly lower frequencies in 1987 and 1989 when grazed.
Tree-Dominated Communities
Livestock utilized tree-dominated communities primarily as 100 90 80 I-, shade and resting cover. Utilization of ponderosa pine communities ranged from 10 to 27% (Fig. 1 ). Despite the relatively low level of utilization, significant changes did occur for some community parameters. Significant differences occurred between treatments within years with lower species richness in the exclosed treatment in 1989 (Table 1) . Species richness in the exclosures of ponderosa pine communities was lowest of the tree dominated communities ranging from 31 to 37 species. Total species diversity was significantly higher in the grazed treatment in 1980 and 1989, possibly reflecting the effects of livestock grazing. Species composition in ponderosa pine communities changed significantly over the study period. Elymus glaucus Buckl., a native graminoid increased significantly from 0 to 47.8% in the exclosures. Increases of Elynus glaucus in the grazed areas (6.7 to 28.9%) were not significant. Frequencies of Ranunculus act-is and Poa pratensis, both exotic species, were significantly higher in grazed than exclosed areas in 19X9 (0.0 vs 19.6% and 61.6 vs 95.6%, respectively). The relative abundance of Poa prutensis in the exclosures declined significantly from 9X.9% in 1979 to 61.1% in 1989. Montia per$oliata (Dorm) How. showed significant increases in 1989 from 0.0 to 46.6% in exclosures and from 1 .l to 34.5% in grazed treatments.
Livestock utilization in black cottonwood communities ranged from 9 to 15% and 14 to 16% in thinleaf alder communities (Fig.  1 ). There were no significant changes in species richness (Table  1) . Species richness in the grazed treatments of alder communities ranged from 45 to 56, the highest of the tree dominated communities. The percent of exotic species was in thinleaf alder communities slightly higher on average in the grazed areas (30 vs 25%). In black cottonwood communities eveness values in 1987 were significantly higher in the grazed areas. Species diversity was significantly higher in grazed areas when compared to exclosed areas of thinleaf alder communities in 1987 (Table 1) . 
Gravel Bar Communities
Lateral channel movement during the spring of 1989 removed all grave1 bar community sampling sites located in exclosures. There were no significant differences for values of evenness or species diversity for any comparison within the gravel bar communities.
Livestock browsing had significant effects on the density and height of woody species. A total of 16 woody species were encountered in shrub density and height transects in gravel bar communities. Five of the most commonly occurring species were selected for detailed analysis. These were: Alnhus incana.
Populm trichocarpa,
Salis bebbiann var. perrustrata (Rydb.) Schneid., Su1i.r exigua Nutt., and Sulix rigida (Hook.) Cronq.. Mean heights of all species were significantly greater in the ungrazed than grazed areas in 1988 (Fig. 2) . Comparisons between years indicated significant increases in height in exclosed gravel bar communities for all species. For example, mean height of Poprdus trichocarpn in exclosures increased from 15 cm in 1978 to 101 cm in 1988. Conversely in grazed areas Populus trichocarpa height was 12 and 26 cm in 1978 and 1988 respectively.
After 10 years of no grazing the density of woody species was significantly greater (Fig 3) . In 1988, stem densities of Alnm incana, Salk bebbima, and Salk rigida were significantly higher where ungrazed. For example, mean stem density in exclosures for Alnus incana increased from OS/m* in 1979 to 3.7/m' in 1988. In grazed areas Alms incana density was 0.4 to 0.3/m'-in 1978 and 1988 respectively (Fig. 3) . Between years within the exclosed treatment, only Populr~s trichocnrpn failed to show a significant increase in stem density. Significantly higher stem densities were measured for Salk esigua and Salk rigidu within grazed stands between 1978 and 1988. 
Discussion
We found livestock disturbance and ecosystem response to be highly variable among communities. This is not surprising as livestock utilization in the grazed riparian zone ranged from 3 to 73% in the sampled communities. In addition, community structure ranged from relatively simple annual grasslands (cheatgrass) to structurally diverse black cottonwood-mixed conifer communities. The 8 plant communities sampled were comprised of over 250 species; more than 400 vascular plant species have been identified in the 3 km reach of Catherine Creek (Green 1991) . Each species would be expected to respond to grazing in a differential manner as response will vary from one community to the next. Pon prutensis declined in abundance in grazed cottonwood communities while its abundance remained constant in dry meadow communities.
In the absence of livestock utilization, species richness, and species diversity decreased in dry and moist meadow communities. Reduction of species richness in exclosures also occurred in riparian meadows in Idaho (Hayes 1978) . New Zealand (Dobson 1973) and Nevada (Clary and Medin 1990 ). This appears to be due to declines in disturbance created by livestock that facilitated establishment of alien or weedy species. After 10 years of nongrazing in dry meadows the exotic, Poa protensis has remained as the most dominant species while the abundance of Bromrrs mollis declined from 6 to less than 1%. in addition, many exotic dicot species also declined. In ungrazed moist meadow communities a native sedge, Cares rostmtn Stokes was the dominant species in 19S9. Conversely, frequency of grazing-tolerant aliens significantly decreased in the exclosures (Green 1991) . For example, the abundance of Rnnuneulus acris declined from 55% in 1979 to 12% in 1989 and Pldermt pratense declined from 33 to 3% over the same time period. Taraxocum officinde, another introduced grazing-tolerant species also had declined in abundance from 52% in 1979 to 17% in 1978. The shift in species composition and dominance appears to follow a similar pattern to competition models presented by Grime (1979) . These models indicated that competitive-ruderal species, (i.e., those adapted to resource abundant habitats with moderate disturbance such as the grazing regime of this study) are displaced by competitive species with decreasing disturbance. For example, the alien annual Bromru moflis possesses ruderal characteristics such as vigorous production by seeds and establishment capabilities in open disturbed sites. In ungrazed dry meadow communities, Pon protensis would be considered the competitive species replacing Bronurs mollis because of its ability to produce large amounts of persistent litter and vegetative reproduction by tillers and rhizomes. In moist meadow communities, Phleurtr prtrtense with a strategy intermediate between stress tolerant and competitive rudenl. and Rmumchrs ncris. a competirive-stress-tolerant strategist (Grime et al. 19SS) were maintained by grazing. When ungrazed. these species were displaced by the more competitive Cares rostmta. Competitive characteristics of C0re.r rostratcl include early and rapid growth, a tall, dense growth form, vegetative reproduction, and production of copious amounts of persistent litter.
The litter layer in ungrazed dry and moist meadow communities was approximately twice that of their grazed counterparts in Alnus incona 1978 1988 Populus tricocarpa 1978 1988 Salix bebbiana 1978 1988 Solix exigua 1978 1988 Salix rigida 19S7 (Green 1991) . This may have resulted in increased amounts of nutrients immobilized in the litter pool as well as changes in microclimate (e.g. soil temperature) and therefore a more competitive environment. Litter accumulation may also change soil temperature and moisture regimes, and decrease light availability for seedlings and species with a prostrate growth strategy.
other animal disturbances (e.g. trampling), points to the difficulty of generalizing the response of a key species to herbivory when it occurs in a variety of plant communities.
The influences of herbivory on species composition differed in communities with tree and shrub overstories in comparison to meadow communities. This may be due to differing competitive relationships between species, conditions for regrowth, and patterns of herbivory which differed between communities (Louda et al. 1990 ). Poa prurensis. a commonly occurring species in every plant community sampled, (except cheatgrass communities) varied in its response to herbivory depending upon plant communities. The abundance of Pon pratensis did not change in moist or dry meadow communities in response to grazing, however, the abundance of Poa prntensis did decline significantly when grazed in Douglas hamthorne and black cottonwood communities, despite widely varying levels of utilization between these communities (Fig. I) . Likewise the frequency of Pm prntensis declined in ungrazed moist meadow, ponderosa pine, and black cottonwood communities, while in ungrazed dry meadows, and thinleaf alder communities no change occurred.
Density and height of establishing riparian tree species (i.e. Alnus incunn, Popalm trichocnrpa, and Sali.\-spp.) dramatically increased in exclosures (Figs . 2 and 3) . Mean height of all woody species selected for analysis exceeded 1 m in the esclosures while in the grazed gravel bar communities, mean height was less than 0.5 m (Fig. 2) . Shorter heights of woody species were the result of livestock browsing. Densities of woody species were greater after 10 years of no grazing for all species except for .Sulh rigida (Fig. 3 ). Utilization of woody species by livestock did not occur until the latter part of the grazing season when herbaceous forage appeared to become less available (personal observation). Other studies have also reported increases in height and density of riparian woody species following cessation of grazing (Gunderson 1968 , Leege et al. 1981 , Davis 1982 , Schulz and Leininger (1990 .
Conclusions
Morphology of Pm prntensis differed between forested communities and those with an open canopy. Compared to meadow communities, Poa prcrtensis in forested communities had larger, thinner leaves characteristic of shaded plants attempting to capture limited sunlight resources (Taylor and Pearcy 1976, Boardman 1977) . Additionally, height growth, tillering, and dry matter accumulation by different ecotypes of Pm pratensis are strongly correlated to temperature and photoperiod at their place of origin (Aamlid 1992) . The interactions of factors such as sunlight availability, mulch accumulation, temperature, grazing and Late season grazing likely results in less disturbance to vegetation compared to season long or other livestock management systems commonly employed in adjacent riparian areas. Many of these other grazing systems result in greater utilization or selectivity of key riparian species.
In our study, disturbance from grazing and other livestock activities created conditions suitable for exotic and ruderal species. Species diversity was relatively stable in grazed stands of the plant communities studied. However structural diversity of woody plant communities was affected through declines in the density and growth of riparinn obligate tree species. Heights of woody species were significantly less in grazed as compared to ungrazed stands and never was reproduction and establishment in grazed gravel bar communities as vigorous as ungrazed areas. We feel by suggesting blanket recommendations for livestock utilization to maintain riparian zones, many investigators and managers have ignored the inherent complexity of riparian ecosystems (e.g. Clsry and Webster 19X9, Bryant 198.5 ). These recommendations cdl1 for a uniform level of utilization and or herbaceous stubble height after grazing to maintain riparian values however, each plant community responds differently to grazing. The restoration and maintenance of riparian ecosystem functions and values will depend not on general grazing prescriptions, but on developing grazing prescriptions for specific riparim areas.
